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The status of the solar axion search with the CERN Axion Solar Telescope (CAST) will be dis- 
cussed. Results from the first part of CAST phase II where the magnet bores were filled with 
^He gas at variable pressure in order to scan m„ up to 0.4 eV will be presented. From the ab- 
sence of excess X-rays when the magnet was pointing to the Sun, we set a typical upper limit on 
the axion-photon coupling of g„y < 2.17 x 10^° GeV"' at 95% CL for m„ < 0.4 eV, the exact 
result depending on the pressure setting. Our search for axions with masses up to about 1.2 eV 
using ^He as a buffer gas is in progress in the second part of CAST phase II. Expectations for 
sensibilities will be given. Near future perspectives as well as more long term options for a new 
helioscope experiment wiU be evoked. 
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1. Introduction 

Quantum Chromodynamics (QCD) is expected to violate CP-symmetry but this effect has not 
been observed by any experiment. To explain this apparent conservation, R. Peccei and H. Quinn 
introduce in 1977 one additional symmetry [|l|]. As pointed out by S. Weinber and F. Wilczek 
in 1978, the broken of this symmetry at a yet unknown scale (fa) gives rise to a Goldstone bo- 
son called axion [^]. This particle is especially appealing since in addition to solving the strong 
CP-problem, the axion would also be an excellent candidate for Dark Matter due to its expected 
physical properties. 

Since the breaking scale f^ is not a priori determined, the axion mass is initially unknown. 
Several constraints from astrophysics and cosmology have been applied to prove or rule out the 
existence of the axion. These limits can narrow the axion mass to a window between some /xeV 
and 1 eV. There are also several experiments which have attempted to detect axions. Most of them 
use the so-called Primakoff effect [^]. It consists in the coupling of an axion to a virtual photon 
provided by a transverse magnetic field, being transformed into a real photon that carries the energy 
and the momentum of the original axion. From these experiments, one type are helioscopes 
which try to detect the axions generated in the inner solar core. The Sun could generate axions with 
a mean energy of 4.2 keV, which can be reconverted to photons at Earth with the use of a transverse 
magnetic field. The resulting photons can be detected with conventional X-ray detectors. 

2. The CAST experiment 

The CERN Axion Solar Telescope (CAST) uses one of the prototypes of a superconducting 
LHC dipole magnet. It provides a magnetic field of up to 9 T transversal to the direction of axion 
propagation. The magnet is able to follow the Sun twice a day during the sunset and sunrise for 
a total of about 3 hours per day. During the remaining time, i.e, when the CAST magnet is not 
aligned witht the solar core, background data is taken. 

Four X-ray detectors are installed at both ends of the 10 m long magnet in order to search for 
photons from Primakoff conversion. Two Micromegas detectors follow the sunset. They have 
replaced the formerly used Time Projection Chamber [^] and show a better performance in terms of 
background discrimination than the former detector. The sunrise is covered by another Micromegas 
detector and a combination of a X-ray mirror optics with a Charge Coupled Device (CCD) [Q]. The 
mirror focus the X-rays to a small spot on the CCD chip, improving the signal-to-background ratio 
and the sensitivity of the detector. 

3. CAST updates and recent results 

The experiment finished its first phase with vacuum by 2004 after having taken two years 
of data. As no significant signal above background was observed when following the Sun, an 
upper limit on the axion-to-photon coupling of gay < 8.8 x 10^'^ GeV^^ (95% CL) for axion 
masses < 0.02 eV was set [^. For extending the axion mass range, CAST was upgraded with a 
sophisticated gas system and novel cold windows for operation with helium gas at various pressures 
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inside the magnetic field region. Tliis gas would restore the coherent conversion probability from 
axions to photons for a narrow axion mass range. 

During 2005 and 2006 the magnet was filled with ^He gas and axion masses up to 0.39 eV 
were investigated by measuring a total of 160 presure steps between 0.08 mbar and 13.4 mbar. 
A typical upper limit on the axion-to-photon coupling of gay < 2.2 x 10^^" GeV^' (95% CL) 
for axion masses nia < 0.39 eV was extracted |^]. The exact value of this limit depends on the 
considered pressure limit and the final results are shown in figure |I| (left). 
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Figure 1: The blue line is exclusion plot of the axion-to-photon coupling constant at 95% CL for all data 
obtained in Phase I and Phase II with '*He and ^He gas at CAST. The red line shows our prospects for the 
rest of the ^He phase. The latest limit set by the Tokyo helioscope Sumico has also been included [|l^. The 
yellow band represents the usual axion theoretical models and the green solid line corresponds to the case of 
the KSVZ model with E/N — 0. Limits from laser, microwave and undeground detectors in axions searches 
have been also included ill] 



Since the year 2008, CAST is taking data with ^He in the magnet bore. At the moment of 
writing this proceeding, nearly 720 pressure steps have already been measured, equivalent to a gas 
pressure of 80 mbar and an axion mass of 0.93 eV. In figure ^ a preliminary exclusion plot for 
the ^He data acquired during 2008 is shown. It includes data from three out of the four detectors 
and covers axion masses between 0.39 and 0.65 eV. The data of the remaining detector is being 
analyzed and the final combined limit is expected soon. 

Other non-standard axion scenarios to which CAST would be also sensitive have also been 
studied. The data taken by the TPC in the phase I was reanalyzed to search for 14.4 keV axions 
coming from Ml transitions in the Sun [12]. In addition, a calorimeter took data during the first 
phase to find MeV lines from high energy axion conversion |13]. Finally, few days of data were 
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Figure 2: The preliminary results obtained with ^He gas during 2008. The upper limit takes into account 
three of the four CAST detectors and covers axion masses from 0.39 to 0.65 eV. 



carried out with a visible detector coupled to one end of the magnet, looking for axions in the visible 
range, possibly produced at the surface of the Sun. A preliminary result was recently released [|l4|]. 
The detector has been now installed as a permanent detector in combination with the CAST sunrise 
micromegas detector 



4. Future and outlook of CAST 



The collaboration is studying the extension of the experiment in the near-term in two different 
aspects. On one hand, other possible search candidates are being considered like standard-QCD 



axions, chameleons []15[], paraphotons and any other WISPs (Weakly Interacting Slim Particles). 
On the other hand, CAST is working in the development of the the next-generation of axion he- 
lioscope (NGAH), which could increase the actual sensitivity to 10^^' GeV^^, i.e., one order of 
magnitude [|I6|]. We must note that the magnet features (length, field and aperture) have the main 
importance in the sensitiviy of an helioscope experiment, as this variable can be expressed as 

^.,oc(BL)-V2^-l/4 (4.1) 

where B is the magnetic field, L and A are the lenght and aperture of the magnet, b is the background 
level and t is the time of exposure. 

The most promising configuration is the toroidal magnet [17], shown in figure |3| (left), which 
consists in several coils separated by vacuum bores. The main improvements of this design com- 
pared to the actual CAST dipole are its big aperture (near 1 m^) and its lighter construction. 

In parallel, efforts are made in the development of high efficiency focusing devices and new 
electronics for the X-ray detectors, aiming to achieve very low background levels. For this pur- 
pouse, a new Micromegas detector for CAST is being designed, optimised for the next generation 
of helioscopes. A possible design is shown in figure ^ (right). Low radioactive materials will be 
used in the manufacturing of the microbulk detector and the air-tightness of the setup will be also 
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Figure 3: Left: The toroidal magnet proposed in [p^]. Right; Design of the new Micromegas detector pro- 
posed by J. P. Mols. It is composed of a lead cylindrical vessel (transparent) and a copper plate (pink) which 
keep the vessel gas-tight. Both materials show good radio-purity properties and shielding performances. 
Strips signals are taken out by a plain cable and a feedthrough, and then connected to the electronics. 



improved, as there are indications of its main role in background. The use of the T2K electronics 
[jlsll for increasing the rejection capabilities of the detector is also being studied. 



Since the year 2008, several ultra-low background periods have been observed in different 
Micromegas detectors. During those periods, the background level suddenly decreased one order 
of magnitude from its mean value, around 4 x 10~^ s~^ keV^^ cm^^ in the range between 2 and 



7 keV [19] as shown in figure ^ (left). This effect was found to be correlated with very low 
concentrations of radon. Two activities have been started to confirm this hypothesis. On one hand, 
a detailed plan of simulations is carried out to understand the contribution of environmental and 
internal contaminations in the final background of the Micromegas detector. On the other hand, a 
Micromegas CAST detector has been installed in the Canfranc Underground Laboratory, shielded 
by lead and copper and kept in a radon-clean atmosphere, as shown in figure ^ (right). 
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Figure 4: Left: Background energy spectrum of a CAST Micromegas detector shielded with 5 cm of lead. 
The black line considers all the events and the blue one only those selected by the discrimination algorithms. 
Right: A Micromegas CAST detector installed inside a 20 cm-thick lead castle at the Canfranc Underground 
Laboratory. A constant flux of nitrogen keep the inside atmosphere clean of radon. 
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5. Conclusions 

The CAST experiment has established the most stringent experimental limit on the axion cou- 
pling constant over a wide range of masses, exceeding astrophysical constraints. The ^He phase 
has allowed to enter in the region favoured by axion models. From the absence of X-ray excess 
when the magnet was pointing to the Sun, a preUminary upper Umit on the axion-photon coupling 
of gay < 2.22 X IQ-^^ GeV"i at 95% CL has been set for axion masses < 0.4 eV. The exact 
result depends on the pressure setting. With the ^He phase, CAST is currently extending its axion 
search even further into the unexplored regions of the favored axion models. A preUminary result 
of 2008 data has been presented. 

The collaboration is taking part in the development of the next generation of helioscopes and 
of high efficiency focusing devices and new electronics for the future X-ray detectors. Those 
efforts try to extend the sensitivity of the experiment to the order of 10~^^ GeV~\ leading to 
explore a large part of the QCD favoured model region in combination with the Microwave Cavity 
experiments (ADMX) in the next years. 
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